The production of the molecular hydrogen ions H 2 + and H 3 + is expected to play an important role in a wide variety of plasmas, such as planetary ionospheres [1] , neutral beam sources [2] , and the edge and divertor regions of magnetic fusion devices [3] , T e ≈ 2 -10 eV). Over this parameter range, the molecular ion concentration is found to vary between 0.1 and 1. The observed concentrations can be modeled reasonably well (typically within about 25%) using currently available rate coefficients, provided that the molecular hydrogen vibrational temperature T vib is included. Neglecting T vib typically results in the equilibrium molecular ion concentration being underestimated by a factor of 2 -5.
A schematic of the University of California, San Diego PISCES-A reflexarc discharge is shown in Fig. 1 . The experimental apparatus has been described previously [5] . mTorr while maintaining constant source conditions (typically, P source ≈ 2 mTorr).
Hydrogen is used as a working gas in both source and target regions.
The main diagnostics used in these experiments are a reciprocating radiallyscanning Langmuir probe, fixed wall probes, a visible spectrometer, and an omegatrontype mass spectrometer. The reciprocating probe is used to obtain the electron density N e , while the visible spectrometer, together with N e , is used to obtain the electron temperature Te (from the measured Hα intensity). Also, visible spectroscopy can be used to estimate the H 2 vibrational and rotation temperatures T vib and T rot [6, 7] . The molecular ion concentrations are measured using the mass spectrometer [8] . The neutral hydrogen molecule density N H2 is obtained from the measured neutral gas pressure (assuming T H2 = 300 K since the neutral-ion mean free path is longer than the plasma dimensions). The mean ion lifetime is obtained from the axial flux to the mass spectrometer plus the radial flux measured using the wall probes [9] .
To model the ion concentrations in this experiment, a zero-dimensional model is developed for solving the system of rate balance equations for ion and gas species. The model solves for the 5 unknowns (the three ion densities, the atomic hydrogen density, and the H + inflow rate) given measured values of N H2 , N e , T e , T vib , and the ion lifetime τ i .
The atomic and molecular processes believed to be important for molecular hydrogen ion production and destruction have been discussed previously [10, 11] . Vibrationally - hydrogen H in the model, we assume a probability of 0.9 for an H atom to be reflected from the wall [12] .
The variation of measured relative ion concentrations is plotted as a function of neutral density N H2 in Fig. 2 for plasmas with T e ≈ 2.6 eV, N e ≈ 1.3×10 11 cm -3 , and τ i ≈ 40
µs. Not shown in Fig. 2 is the measured vibrational temperature, 
